A convenient synthesis of the central core of helioporins, seco-pseudopterosins and pseudopterosins in racemic form is reported, using a Suzuki coupling (A-ring formation)-Friedel-Crafts acylation sequence, followed by synthetic elaboration of the resulting tetralone derivative. Key steps of the method are a totally diastereoselective cuprate conjugate addition and a final, spontaneous Friedel-Crafts acylation.
The helioporins are a family of bioactive diterpenes first isolated from the blue coral Heliopora coerulea in 1993 [1] and structurally closely related to the antiinflammatory agents seco-pseudopterosins and pseudopterosins [2] . All helioporins ( Figure 1 ) [3] show, as a characteristic feature, a benzodioxole substructure [4] incorporated in two types of hydrocarbon skeleton: a 1,4,7-trimethyl-2,3,3a,4,5,6hexahydro-1H-phenalene (1) [helioporins A (2) and E (3) [5] ], and 1,6-dimethyl-1,2,3,4-tetrahydronaphthalene (4) [helioporin B (5) [6] , helioporin C (6) [7] , helioporin D (7) [8], helioporin F (8) and helioporin G (9) ].
In the search for a new, convenient method for the synthesis of the central core of helioporins A and E (and also of the pseudopterosins aglycon) we decided to use an annulation sequence B-C-A (Scheme 1) for For the synthesis of the tetralone 11, we decided to explore a sequence Suzuki coupling-Friedel-Crafts acylation [12] (Scheme 1). The synthesis of the starting bromide (13) was not trivial. This compound has been synthesized previously [12] from 18 which, in turn, was prepared [12] from 17 by reaction with Br 2 in CCl 4 (42%) (Scheme 2). After this report, only one additional preparation of 18 has been published using microbiological oxidation of p-bromotoluene [13] . In the search for an alternative procedure, we tested in the first place the sequence metallationbromination of 10. Although it is known that the directed metallation (nBuLi-TMDA) of 3-alkyl-1,2dimethoxybenzene derivatives, followed by reaction with Br 2 , affords the expected bromide in acceptable yields [14] , the reaction failed in the case of the related benzodioxol 10 [15] . In our hands, whereas the sequence ortho-metallation-bromination reactions performed on 2, 3-dimethoxytoluene (15) gave the bromide 16 (65% yield) (Scheme 3), the same sequence performed on the benzodioxol 10 resulted in the elimination of the benzodioxol moiety, recovering 3-methylcatechol (17) in excellent yields [16] . On the other hand, bromination of 3-methylcatechol using either Br 2 -tBuNH 2 [17] or NBS-iPrNH 2 [18] gave the 3-bromo-5methylcatechol 18, albeit in low yields (10-24% depending on the reaction conditions). Finally, reaction of 16 with BBr 3 (2.5 eq.) in CH 2 Cl 2 at -78ºC gave 18 in 96% yield. Reaction of 18 with anhydrous CH 2 Cl 2 in the presence of NaOH and using DMSO as solvent (120ºC) [19] afforded 13 in 84% yield (53% from 15). key: i) nBuLi, TMDA, Et 2 O, 0ºC to rt; ii) Br 2 (1.5 eq.), -78ºC to rt, 12 h., 65% for 16; 81% for 17; iii) Br 2 -tBuNH 2 , 10%; NBS, iPrNH 2 , 24%; iv) BBr 3 (2.5 eq.), CH 2 Cl 2 , -78ºC, 2 h, 96%; v) CH 2 Cl 2 , NaOH, DMSO, 120ºC, 84%. key: i) 9-BBN(CH 2 ) 3 CO 2 CH 3 (19) , PdCl 2 (dppf), 3%, MeONa, THF, rt, 70%; ii) NaOH, EtOH, rt, 80%.
Scheme 3
The synthesis of compound 14 was achieved (Scheme 3) through the Suzuki [20] cross-coupling reaction between bromide 13 and borane 19 [21] , generated in situ by reaction of 9-BBN and methyl-but-3-enoate [22] , in the presence of PdCl 2 (dppf) and MeONa in THF. After isolation of ester 20 (70%), the reaction with KOH in EtOH gave 14 in 80% yield (56% from 13). Compound 21 was synthesized from 11 following the method of Corey and Chaikowsky [24] (80% yield As a matter of fact, δ Me-18 in 7,8dimethoxyserrulat-14-ene (32) [27] and in 11-epihelioporin B (33) [6] ( Figure 2 ), both with a trans relationship between H-4 and Me-18, appears clearly different with regard to the same Me group in compound 23. The configuration of compound 12 as 3S*4R* was established by 1 H-NMR spectroscopy and molecular modeling in the following way: in the case of the configuration 3R*, 4R* for 12, with a trans relationship between H-4 and Me-18, AM1 and AMBER calculations indicate a minimum energy conformer with a pseudo-chair cyclohexanic ring and Me-18 in axial disposition, for which a doublet of triplets is expected in the 1 H NMR spectrum for the H-4 signal. On the other hand, in the case of the 3R*, 4S* configuration, showing a cis arrangement between H-4 and Me-18, the minimum energy conformer showed a pseudo-chair cyclohexanic ring with Me-18 in equatorial disposition. In this case, a triplet of doublets should be expected in the 1 H NMR spectrum for the H-4 signal. This last structure was in agreement with the observed result ( 1 H NMR, 300 MHz, CDCl 3 , δ H4 2.68 ppm, td, 3 J = 12 Hz, 3 J = 6 Hz). It should be pointed out that although data for H-4 in the description of related natural products is given as either a multiplet or a broad singlet, this proton has also been described as a triplet of doublets in cases such as compound 34 [28] (Figure 3 ). The high diastereoselection observed in the cuprate addition to α,β-unsaturated esters 22 and 24 may be explained by attack of the reagent from the Re-face of the starting materials in their minimum energy conformation, probably due to severe steric interactions with the aromatic moiety in the Si approach.
Conclusions
In this paper we have described a convenient approach to the central core of helioporins, secopseudopterosins and pseudopterosins starting from readily available starting materials. A major point to be emphasized is the excellent stereocontrol exerted in the conjugate addition, which allowed for the introduction of the Me at position 18 with the correct stereochemical relationship regarding H-4.
Experimental
General: The reactions were carried out under a positive pressure of dry argon using freshly distilled solvents under anhydrous conditions. Reagents and solvents were handled by using standard syringe techniques. IR spectra were recorded on a Perkin Elmer 297 spectrophotometer. Tetrahydrofuran, and diethylether were distilled over sodium/benzophenone; dichloromethane, DMSO, and TMEDA were distilled over CaH 2 before use. 3-Methylcatechol was purified by distillation and the remaining chemicals and solvents were commercial and used as received. 1 Aryl bromides: 2,3-Methylenedioxytoluene (10), 4-bromo-2,3-methylenedioxytoluene (13) from 3-bromo-6-methylcatechol (18), 6-bromo-2,3-dimethoxytoluene (16) and 6-bromo-2,3-methylenedioxytoluene (26) were prepared as previously described [12] . (18) : To a solution of 16 (230 mg, 1.0 mmol) in anhydrous CH 2 Cl 2 (2 mL) under argon, 2.5 mL of a 1M solution of BBr 3 was added, dropwise, at -78ºC. The resulting mixture was stirred at rt for 2 h and then hydrolyzed. The aqueous layer was extracted with CH 2 Cl 2 and dried (MgSO 4 ). The solvent was removed in vacuo and the crude bromide was purified by column chromatography (CH 2 Cl 2 ), giving pure 18 (190 mg, 96%). Physical and spectroscopic properties matched those described for this compound [12] . Compounds 14, 20, 27, 29, 11 and 30 were prepared as previously described [12] .
Improved synthesis of 3-bromo-6-methylcatechol

4-Arylbutanoic acids and 1-tetralone derivatives:
Aldehydes 21 and 31:
General procedure: A suspension of NaH (24 mg, 60% in paraffin, 0.6 mmol) previously washed with n-hexane, in 0.4 mL of DMSO was warmed at 70ºC for 45 min. After this time the mixture was cooled at rt and diluted with 0.5 mL of anhydrous THF. The solution was cooled at -10ºC and 123 mg (0.6 mmol) of trimethylsulfonium iodide were added in 1 mL. of DMSO. The mixture was stirred at -5ºC for 10 min and then a solution of 0.5 mmol of ketones 11 (for 21) and 30 (for 31) in 2 mL of DMSO-THF were added. The reaction mixture was stirred at -10ºC for 30 min and then overnight at rt. After hydrolysis and extraction (Et 2 O, 3x5 mL), the organic layer was washed with water and brine. After drying (Na 2 SO 4 ), the solvent was eliminated in vacuo and the reaction crude was purified as indicated in each case. (21) Methyl-6,7-methylenedioxy-1,2,3,4 The mixture was stirred for 3 h at rt until disappearance of the starting material (tlc). After elimination of the solvent in vacuo, the resulting material was dissolved in water and HCl (5%) was added until the pH was acid. After extraction with diethylether (3x5 mL), the organic fraction was washed with a saturated solution of NaHCO 3 , water and brine and dried (MgSO 4 ). The reaction crude was purified by column chromatography (n-hexane-AcOEt 2:1) giving 122 mg (90%) of the expected carboxylic acid as a transparent, colorless oil. 
7-Methyl-5,6-methylenedioxy-1,2,3,4-tetrahydronaphthalene-1-carboxaldehyde
5-
IR (CHCl
